In the present work, isoenzyme electrophoresis was used to analyze the variability and phenetic relationships among seven American species of genus Prosopis belonging to three different sections: P. argentina (Monilicarpa), P. glandulosa, P. velutina, P. flexuosa, P. ruscifolia, P. kuntzei (Algarobia), and P. reptans (Strombocarpa). The genetic variability in P. argentina, P. reptans, and P. kuntzei was significantly lower than in the rest of the species analyzed. The species belonging to different sections are highly differentiated, but the relationships retrieved among species belonging to the section Algarobia suggested that the series of this section are not natural groups. P. kuntzei is as differentiated from the remaining species of Algarobia as from P. reptans or P. argentina, suggesting that this species might be included in a different section. The series within section Algarobia are not supported by the clusters retrieved in the phenogram based on isoenzymatic data. The results suggest that the two North American species (P. velutina and P. glandulosa) would have originated in different founder events.
Introduction
Prosopis is a primitive legume genus that includes shrubs and trees that exhibit a high economic and ecological potential in semiarid areas. They are a component of the climax community, but they also have the ability to colonize new habitats as pioneer species. Many of its species are used in numerous countries to recover arid and semiarid regions and are considered multipurpose trees because all of their biomass can be used. Pods have high carbohydrate and protein content and are used as forage and human food. These trees have wood of high quality and adapt well to silvopastoril and agroforestal production (Roig, 1993) . Prosopis involves about 44 species grouped in five sections: Prosopis and Anonychium, distributed in Africa and Asia; Strombocarpa and Algarobia, distributed in North and South America; and the monotypic section Monilicarpa, restricted to Argentina.
The section Strombocarpa includes nine species clearly differentiated morphologically from each other, and interspecific hybridization is infrequent (Burkart, 1976) . Isoenzymatic studies in five of them (P. torquata, P. pubescens, P. strombulifera, and P. reptans) showed low intraspecific variability and yielded many species-specific diagnostic loci (Saidman et al., 1996) .
Based on morphological grounds the section Algarobia has been divided into six series (Burkart, 1976) , but the relationships among species of this section are under debate. Studies based on species of the series Pallidae, Ruscifoliae, and Chilenses indicated that natural hybrids frequently occur in zones of sympatry even between species belonging to different series (Hunziker et al., 1986) . However, no interserial hybrids have been recorded involving species of the series Sericanthae. The information about hybridization involving species of the two remaining series, Denudans and Humiles, is scarce.
The species of Ruscifoliae and Chilenses studied so far exhibit high levels of variability within populations, but low biochemical and genetical differentiation among species (Saidman and Vilardi, 1987, 1993; Saidman et al., 1997 Saidman et al., , 1998a . The relationships observed among species in isoenzymatic (Saidman and Vilardi, 1993; Bessega et al., 2000a,b) and molecular (Ramírez et al., 1999; Saidman et al., 1998a,b; Saidman et al., 2000) analyses are not consistent with the series.
Previous works (Hunziker et al., 1986; Saidman et al., 1996) indicated that the sections Algarobia and Strombocarpa are highly differentiated. The speciation process in these groups as well as their adaptive strategies seem to be quite different.
The Section Monilicarpa is represented by only one isolated species, P. argentina Burkart endemic to Argentina. According to Burkart (1937 Burkart ( , 1976 ) its origin and affinities of either Algarobia or Strombocarpa are uncertain. Its preference for sand dunes is in marked contrast to that of the common species of section Algarobia, which prefer heavier soils, sometimes salty clay on lower plateaus and riverbanks (Burkart, 1976) . There are only a few biochemical (Burghardt and Palacios, 1997) and molecular (Ramirez et al., 1999 ) studies on P. argentina and the population genetic variability has yet to be studied.
In the present work we analyzed, by means of isoenzyme electrophoresis, the variability and phenetic relationships among P. argentina and six species belonging to the remaining American sections of Prosopis: P. glandulosa (Torr) and P. velutina Wooton from USA, P. flexuosa DC, P. ruscifolia Gris., P. kuntzei Harms (Algarobia), and P. reptans Bentham (Strombocarpa) from Argentina. Parameters of genetic variability and differentiation were estimated in populations of these species. This information is discussed with reference to the expected relationships according to the available morphological evidence and geographical distribution.
Materials and Methods

Species, populations and sampling methods
The present work involved two populations of P. argentina ("algarobilla"), one of P. reptans ("retortuño"), one of P. kuntzei ("itín"), four of P. ruscifolia ("vinal"), two of P. flexuosa ("algarrobo amarillo"), four of P. glandulosa ("honey mesquite") and one of P. velutina ("velvet mesquite") (Table 1, Figure 1) .
The species and populations sampled cover a wide range of the distribution of the genus Prosopis in America (Burkart, 1976) . P. argentina (sect. Monilicarpa) is endemic in Northwestern Argentina in the Andean provinces of Catamarca, La Rioja, San Juan and northern Mendoza 278 Bessega et al. Sampling methods for all Argentinean populations, except for P. argentina and P. reptans were those described in previous works (Vilardi et al., 1988) . At least ten mother plants were sampled in each population. The samples from United States were collected by Dr. J. C. Evans (Grassland Research Station USDA/ARS). They included five or six mother plants per population. In all cases (North and South American species) the sampled trees were separated at least 50 m from each other. This distance between sampled mother plants reduces the probability that they interbreed. About 50 pods were collected from each mother plant. The seeds from each tree were stored in different bags. Similar numbers of seeds from different trees (bags) from each population were sampled for the isozyme analysis. Voucher specimens of each mother tree were taxonomically identified and deposited in the Herbarium of the Laboratorio de Genética, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Argentina. P. argentina (kindly donated by Dr. P. Villagra, IADIZA, Mendoza, Argentina) and P. reptans population samples involved pods from about 30 mother plants collected in a single bag and only one voucher specimen representative of the whole population was prepared. The rationale for this sampling method is that populations of these species form a continuum where individual shrubs can not be identified. The number of seeds analyzed for each population are listed in Table 2 .
Isoenzymatic techniques
Nine systems were studied using horizontal electrophoresis on polyacrylamide gels: esterase (EST), glutamate oxalacetate transaminase (GOT), amino peptidase (AMP), alcohol dehydrogenase (ADH), superoxide dismutase (SOD), 6-phosphogluconate dehydrogenase (6PGD), 
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Bessega et al. peroxidase (PRX), isocitrate dehydrogenase (IDH) and shikimic dehydrogenase (SKD). The methods employed for the former seven systems are described in Saidman (1985) . For IDH and SKD the method was adapted from Verga (1995) . The homogenates were made from five to seven day old cotyledons for all systems but ADH, for which 16-h-old seedlings were analyzed. Since ADH must be analyzed at a different life stage, it was not possible to study this system on the same individuals used for the assays with all the other enzymes.
Statistical methods
The genetic interpretation of isozyme data in P. argentina and P. kuntzei was based on previous studies on other species of Prosopis (Saidman and Vilardi, 1987; Verga, 1995) . Standard measures of genetic diversity were calculated for each population from allelic frequency data. The diversity parameters estimated included mean number of alleles per locus (Â), mean number of alleles per polymorphic locus (ÂP), percentage of polymorphic loci ( $ P), and mean expected ( $ H e ) and observed ( $ H o ) heterozygosity. They were calculated using BIOSYS 1.7 (Swofford and Selander, 1981) . Expected heterozygosity estimates were compared among species by Kruskall-Wallis analysis of variance, using the program Statistix ver. 1.0 (Analytical Software, 1996) . Pair-wise comparisons of mean heterozygosities were performed by Wilcoxon test using the program Statistica (Statsoft, Inc., 1995) . These test have the advantage of having no assumptions about the distribution of the coefficients to be compared.
In order to discuss bias from Hardy-Weinberg expected frequencies, Wright (1951) $ F is indices were estimated. Differentiation between populations were estimated by two methods. The first one was based on unbiased Nei's (1978) genetic distances. This method might have some error because the precise homology between genes in species of different sections are uncertain due to the absence of intersectional hybrids. The second approach employs a phenotypic criterion to assess band homologies and to estimate relative associations among species. The bands were considered present when their frequency in the population was equal to or higher than 0.05 and a 0-1 matrix (presence-absence) was constructed. Manhattan distances were estimated from that matrix using the program RAPD (Black IV, 1996) . Based on the genetic distances, two phenograms were obtained by UPGMA using the same program. In order to evaluate the reliability of the branches, 100 phenograms were obtained from bootstrapped pseudoreplicates of the respective matrices.
Results
Allelic frequencies
From all species, a total of 46 loci were detected. Some of them were invariant: Amp-1, and Sod-4. The remaining loci showed variation within or among populations (Table 2) . For every system, the loci were numbered according to the chronological order in which they were described in previous works. Alleles were named with a superscript indicating the relative mobility of the corresponding product. The superscript 0 refers to null alleles. Some loci were species-specific, showing no homology with loci present in other species (Table 2) . 2 3 = 3.75, p = 0.29). The P estimates did not differ statistically among P. kuntzei 282 Bessega et al. 
Genetic distances among populations
Two matrices of genetic distances (Table 4) were obtained respectively from Manhattan and Nei's genetic distances. They were highly consistent according to a Mantel test (r = 0.95; p = 0) based on 500 permutations. The corresponding trees are also highly consistent with minor differences. The phenograms are rather consistent with morphology because the populations of each species cluster together; species belonging to the section Algarobia are clustered in a single group; and P. kuntzei, which is morphologically very different from the remaining species studied of Algarobia, is the most phenetically distant species of this section. Excluding P. kuntzei, P. velutina (Arizona, USA) is the most differentiated of Algarobia, and the cluster formed by the Argentinean species P. ruscifolia and P. flexuosa with the North American P. glandulosa (Figure 2) .
The distance between the populations of P. argentina and P. reptans Herrera was almost as high as that recorded among any of the Algarobia species. glandulosa and P. velutina would have originated from two independent founder events.
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